Protein phosphorylation and secretion in digitonin-permeabilized adrenal chromaffin cells. Effects of micromolar Ca2+, phorbol esters, and diacylglycerol.
The effects of phorbol esters, dioctanoylglycerol (DiC8), and micromolar Ca2+ on protein phosphorylation and catecholamine secretion in digitonin-treated chromaffin cells were investigated. [gamma-32P]ATP was used as a substrate for phosphorylation in the permeabilized cells. 12-O-Tetradecanoylphorbol-13-acetate (TPA) enhanced Ca2+-dependent catecholamine secretion from digitonin-permeabilized cells. The enhancement required MgATP. Only those phorbol esters which activate protein kinase C in vitro enhanced both catecholamine secretion and protein phosphorylation. DiC8, which activates protein kinase C in vitro and mimics phorbol ester effects in situ, also enhanced both catecholamine secretion and protein phosphorylation. Preincubation of intact cells with TPA or DiC8 was necessary for maximal effects on both catecholamine secretion and protein phosphorylation in subsequently digitonin-treated chromaffin cells. The TPA-induced enhancement of protein phosphorylation was almost entirely Ca2+-independent, whereas DiC8-induced enhancement of protein phosphorylation was mainly Ca2+-dependent. Micromolar Ca2+ alone also enhanced the phosphorylation of a large number of proteins. Most of the proteins phosphorylated in response to TPA or potentiated by DiC8 in combination with Ca2+ were also phosphorylated by micromolar Ca2+ in the absence of exogenous protein kinase C activators. In intact cells, 1,1-dimethyl-4-phenylpiperazinium (DMPP) induced Ca2+-dependent phosphorylation of at least 17 proteins which were detected by two-dimensional gel electrophoresis. All of the proteins phosphorylated upon incubation with 1,1-dimethyl-4-phenylpiperazinium were phosphorylated upon incubation with micromolar Ca2+ in digitonin-treated cells. These results demonstrate that TPA- or DiC8-enhanced Ca2+-dependent catecholamine secretion is associated with enhanced protein phosphorylation which is probably mediated by protein kinase C and that activation of protein kinase C modulates catecholamine secretion from digitonin-treated chromaffin cells.